Using an exact and complete Yukawa Potential Energy (YPE), the neutron-triton and neutron-helium elastic total scattering cross section is estimated and extrapolated to zero energy. The estimated value agrees pretty well with the experimental value and the procedure can be extended to any neutron-nucleus total scattering. The results are extended to the case of 4 He, 7 Li, 9 Be and 27 Al nuclei also.
Introduction
The theoretical description of A = 4 systems still constitutes a challenging problem from the stand-point of nuclear few body theory. Only recently the study of alpha particle bound state reached a satisfactory level of accuracy because of new numerical methods. The 4N bound state has been calculated to a few tenths of KeV [1] - [3] . But these numerical methods are very involved. The total elastic scattering cross section T σ of a neutron by a Triton nucleus is discussed and compared to the experiment in [1] . Here we use a mass dependent Yukawa Potential Energy to estimate the total elastic scattering cross section of a neutron by a nucleus.
Instead of the P- 3 He elastic scattering at low energies, the situation is simpler for the n-3 H elastic scattering. There is no Coulomb complication with the latter. Experimentally, only the total cross section T 
The above value is a very precisely measured value for the neutron-triton elastic scattering. There is another parameter called the coherent scattering length c r . The coherent scattering length has been measured by neu- In this paper we estimate the above experimental values with an exact Yukawa Potential Energy function and by using the methods of ordinary quantum mechanics. In Section 2, we present the relevant theory and apply it to the nucleus triton. In Section 3 the estimations are extended to many more nuclei with ease. We present our conclusions in Section 4.
Complete Yukawa Potential Energy
The complete Yukawa Potential Energy function operative for any nuclear process is given by, ( )
where, 1 m and M are the masses of the interacting parts of the nuclear matter. For example for the neutronnucleus scattering 1 m is the rest mass of the neutron and M is the rest mass of the scattering nucleus. There are two unknown parameters in the above YPE. The parameter 2 0 M is specific to each nucleus [4] - [7] . We have shown in [4] - [7] whenever the Yukawa factor e ar − is set equal to one the resulting central potential yields the energy spectrum of the nucleus. By comparing the ground state energy with the known binding energy of the nucleus we can determine the parameter 2 0 M . In our computations we will use this data from the references [4] - [7] .
The other unknown is a of the Yukawa factor. For One Pion Exchange Potential (OPEP), 
We now have the entire YPE for any nucleus. For example for the nucleus 3 H, the parameter We can now calculate the scattering amplitude for the scattering of a neutron of mass n m by a triton nucleus. In the first Born approximation, the scattering amplitude is given by,
where, the reduced mass of the neutron is given by,
Here, the wave number, 2 2 2 E k µ =  , E being the CM energy of the incident neutron. The differential elastic scattering cross section can be obtained by squaring Equation (2.6). The total elastic scattering cross-section can then be obtained by integrating the differential cross-section. The Yukawa potential has the advantage relative to the Coulomb potential that certain integrals converge to finite numbers. The total elastic scattering-cross section is given by, The above Equations (2.9) and (2.10) can be used to compute the total scattering cross section at zero energy and the coherent scattering length. The required masses and other data are given in the table given in the next section. For The above values obtained should be compared with the experimental value quoted in Equations (1.1) and (1.2). The average value of (2.11) and Equation (2.13) is 1.7285 barn. This should be compared with the value given by Equation (1.1). Similarly the average coherent radius is given by, 3.70846 fm.
Theoretical Results for Some Nuclei
Below we tabulate the estimated results for different nuclei. Table 1 is self-explanatory. For completeness, we have also included the estimation of the Triton nucleus as well. The ease with which the bulk nuclear properties can be obtained with the YPE can be seen from Table 1 . The mass M is obtained from Ref. [8] .
The scattering of a neutron by Helium-3 or Helium-4 is quite difficult to measure. But scattering of neutrons of different energy by an Aluminum foil must not be very difficult to conduct. If measurements are made for different neutron energies for the elastic total scattering off Aluminum target our results can be put to test. This will pin down the non-relativistic YPE for any nucleus. Once it is confirmed, many bulk properties of a nucleus can be predicted with ease.
Conclusion
In this paper an exact YPE function is used to predict the total elastic scattering-cross section of a neutron by any nucleus. For all nuclei for which the parameter 2 0 M is known with certainty, the YPE is applied. The estimated results agree pretty well with the experimental values known for two nuclei, triton and helium-3. For other nuclei the experimental information is awaited. There are some nuclei like Aluminum for which the experiment can be carried out with ease. These tests would confirm the Yukawa potential. The nuclear "many-body" problem can readily be understood only by means of a correct potential energy function. The YPE function appears to be the right one in explaining the many gross properties of nuclei correctly. No sophiscated numerical procedures need be invoked to estimate the bulk properties of nuclei. Moreover the dependence of YPE on mass as in the case of gravitational interaction shows the beginnings of unifying the gravitational interaction with other interactions. The interaction constant 
